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DATA STORAGE DEVICE WITH 
RE-ALLOCATION PROCESSING WHICH 
DETERMINES AN ORDER IN WHICH 
RE-ALLOCATION PROCESSING IS 

EXECUTED FOR DEFECTIVE SECTORS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims priority from Japanese Patent 
Application No. JP2005-089407, ?led Mar. 25, 2005, the 
entire disclosure of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to data storage devices, and 
more particularly to execution order control for re-allocation 
processing of replacing a plurality of defective sectors in the 
data storage devices. 

Devices using various types of media, such as optical disks, 
magnetic tapes, and semiconductor memories, are knoWn as 
data storage devices. Among them, hard disk drives (herein 
after referred to as “HDDs”) have become popular as storage 
devices for computers to such an extent that they are one type 
of the storage devices indispensable for today’s computer 
systems. Further, not limited to computers, their application 
is Widening more and more due to the superior characteristics 
With the advent of moving picture recording/ reproducing 
devices, car navigation systems, removable memories for 
digital cameras and so on. 

A magnetic disk used in an HDD has a plurality of tracks 
that are concentrically formed. Each track is partitioned into 
a plurality of sectors (servo sectors). Servo data and user data 
are Written to each servo sector. Here, the user data Written to 
each servo sector ranges over a plurality of sectors (data 
sectors). A head element moves according to servo data. As a 
result, data can be Written or read at a desired address. A 
signal read out from a magnetic disk by the head element 
through data read processing is subjected to Waveform shap 
ing, decoding processing and other prescribed signal process 
ing by a signal processing circuit before the signal is trans 
mitted to a host. Data transmitted from the host is also 
subjected to prescribed processing by the signal processing 
circuit in like manner before the data is Written to the mag 
netic disk by the head element. 

If a data sector includes a defect, there is a possibility that 
user data Written to the data sector Will be lost. Therefore, the 
defective sector is replaced With another sector. To be more 
speci?c, if a speci?c data sector is judged to be a defective 
sector, data of the sector in question is reWritten to an alternate 
area on a magnetic disk. The alternate area includes a plurality 
of reserved sectors, each of Which stores user data in place of 
a user sector having a defect. Here, one defective sector is 
reassigned to one reserved sector. See, e. g., patent document 
1 (Japanese Patent Laid-open No. l 1-185210). 
As one method for defective-sector re-allocation process 

ing, automatic re-allocation processing executed in an execu 
tion sequence of a read command is knoWn in the art. An HDD 
receives a read command from a host, and then reads out data 
from data sectors Within a range speci?ed by the read com 
mand. At this time, if a data sector that has been read out is a 
defective sector, the HDD executes re-allocation processing 
on the defective sector. 

To be more speci?c, the HDD acquires from the host a read 
command Whose data range covers a plurality of data sectors. 
Upon reading out data from the ?rst data sector, the HDD 
judges Whether or not the data sector in question is a defective 
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2 
sector. If it is judged that the data sector in question is not a 
defective sector, the HDD reads out data from the next data 
sector. If it is judged that the data sector in question is a 
defective sector, the HDD executes re-allocation processing 
of the data sector, and then starts reading of the next data 
sector. By repeating this processing, reserved sectors are 
assigned before a speci?c data sector enters a state in Which it 
is unable to be recovered. This makes it possible to improve 
the reliability of Written data. 

HoWever, the HDD needs to complete the read command 
Within a speci?ed period of time (timeout period). If the 
processing of the read command is not completed before the 
timeout period elapses, the host disconnects the HDD so as to 
read data from another HDD. This enables the host to prevent 
the performance of application transactions from decreasing. 

Accordingly, the HDD must complete re-allocation pro 
cessing of replacing defective sectors Within a limited period 
of time before the timeout period elapses. Here, the re-allo 
cation processing includes: accessing a reserved sector; Writ 
ing data to the reserved sector; and making a check Whether or 
not the data has been successfully Written. Accordingly, a 
suf?cient length of time is required to complete the re-allo 
cation processing. Therefore, it is not alWays possible to 
complete the re-allocation processing for all defective sectors 
before the timeout period elapses. 

BRIEF SUMMARY OF THE INVENTION 

As described above, the conventional automatic re-alloca 
tion processing executes the defective-sector re-allocation 
processing according to the order in Which data is read. For 
this reason, there is a case Where the re-allocation processing 
cannot be performed on a defective sector Whose read order is 
late. For example, on the assumptions that data is read out 
from ten data sectors, and that the ?rst, second, and ninth data 
sectors are defective sectors, the HDD ?rst reads out data 
from the ?rst data sector, judges Whether or not the ?rst data 
sector is defective, and executes re-allocation processing on 
the ?rst data sector. Then, the HDD reads out data from the 
second data sector, judges Whether or not the second data 
sector is defective, and executes re-allocation processing on 
the second data sector in a similar manner. After that, the 
HDD successively reads data from the subsequent data sector, 
and judges Whether or not the data sector in question is defec 
tive. HoWever, When the remaining timeout period becomes 
short, the HDD reads out data from each data sector Without 
judging Whether or not the data sector in question is defective 
and Without executing the re-allocation processing on the data 
sector in question if necessary. On completion of reading of 
all data sectors, the HDD transmits the data to the host. As a 
result, re-allocation processing is not executed on the ninth 
data sector. 

What is important here is that the reliability of a defective 
sector is not uniform. In other Words, a possibility that data 
recovery Will be unable to be achieved differs on a defective 
sector basis. From the vieWpoint of the security of data, it is 
desirable that the defective- sector re-allocation processing be 
executed by priority in the order of increasing reliability. 
HoWever, as far as the conventional automatic re-allocation 
processing is concerned, the re-allocation processing is 
executed in the order in Which data is read out. Therefore, 
there is a possibility that re-allocation processing Will not be 
executed on, for example, a defective sector Whose reliability 
is the loWest. In the above example, if the ninth data sector has 
a defect that is larger than those existing in the ?rst and second 
data sectors, and accordingly, even if there is the highest 
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possibility that data recovery Will be unable to be achieved, 
the re-allocation processing is not executed on the ninth data 
sector. 

The present invention has been made taking the situations 
as described above into consideration. A feature of the present 
invention is to improve the technique for determining the 
execution order of defective-sector re-allocation processing 
executed in data storage devices, and thereby to improve the 
security of data. 

According to a ?rst aspect of the present invention, there is 
provided a data storage device comprising: a read control part 
Which performs control to receive a read command, and read 
out data from a plurality of sectors on a medium correspond 
ing to the read command; a re-allocation-processing order 
determination part Which determines the order in Which re 
allocation processing is executed for defective sectors 
included in the plurality of sectors Whose data has been read 
out; and a re-allocation-processing control part Which con 
trols the re-allocation processing for the defective sectors on 
the basis of the re-allocation-processing order determined by 
the re-allocation-processing order determination part. By 
determining the re-allocation processing on the defective sec 
tors included in the plurality of sectors Whose data has been 
read out, it is possible to execute the re-allocation processing 
starting from a defective sector that should be executed by 
priority. 

According to a second aspect of the present invention, in 
the ?rst aspect, the re-allocation-processing order determina 
tion part determines the re-allocation-processing order on the 
basis of an amount of error correction achieved When data has 
been read out from each sector. This makes it possible to 
determine the reliability of the defective sectors easily and 
accurately. 

According to a third aspect of the present invention, in the 
?rst aspect, the re-allocation-processing order determination 
part determines the re-allocation-processing order on the 
basis of retry processing performed When data has been read 
out from each sector. This makes it possible to accurately 
determine the reliability of the defective sectors. 

According to a fourth aspect of the present invention, in the 
second aspect, the re-allocation-processing order determina 
tionpart determines the re-allocation-processing order so that 
the re-allocation processing is executed in the order of the 
decreasing amount of error correction achieved When data has 
been read out from each sector. This makes it possible to 
execute the re-allocation processing exactly starting from a 
defective sector Whose reliability is loW. 

According to a ?fth aspect of the present invention, in the 
second aspect, the read control part reads out read data from 
all speci?ed sectors on the medium, all the sectors being 
speci?ed by the read command; and the re-allocation-pro 
cessing order determination part determines the order in 
Which the re-allocation processing is executed on defective 
sectors included in all the sectors. This makes it possible to 
reliably execute the re-allocation processing starting from a 
defective sector to Which a higher priority is given Within a 
speci?ed range. 

According to a sixth aspect of the present invention, in the 
second aspect, the read control part reads out read data from 
all corresponding sectors on the medium, all the sectors cor 
responding to the read command; and the re-allocation-pro 
cessing order determination part determines the order in 
Which the re-allocation processing is executed for defective 
sectors included in all the sectors. 

In addition, according to a seventh aspect of the present 
invention, in the sixth aspect, data Which should be read out 
from all the sectors on the medium corresponding to the read 
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4 
command includes data at positions before and/ or after the 
sectors speci?ed by the read command. This makes it possible 
to reliably execute the re-allocation processing for all read 
data including read forWard and read back starting from a 
defective sector that should be executed by priority. 

According to an eighth aspect of the present invention, in 
the ?rst aspect, the end timing of the re-allocation processing 
for a plurality of defective sectors is determined so that a 
command completion noti?cation of the read command is 
transmitted before a timeout period of the read command 
elapses. This makes it possible to prevent a timeout error from 
occurring in a host. 

According to a ninth aspect of the present invention, in the 
eighth aspect, the end timing is determined by use of a pre 
determined value and the number of times the re-allocation 
processing on the defective sectors is executed. This makes it 
possible to determine the timing by simple and easy process 
ing. 

According to a tenth aspect of the present invention, in the 
?rst aspect, the re-allocation-processing order is such that the 
re-allocation processing is performed starting from a sector 
Whose reliability is loW. This makes it possible to execute by 
priority the re-allocation processing on a sector in Which there 
is a high possibility that data recovery Will be unable to be 
achieved, and thereby to increase the security of data. 

According to an eleventh aspect of the present invention, in 
the ?rst aspect, the data storage device further includes a 
correction processing part Which performs error-correction 
processing on data read out from the medium, Wherein the 
re-allocation-processing order determination part determines 
the re-allocation-processing order of defective sectors by use 
of the amount of correction made for each sector Whose data 
has been read out. This makes it possible to accurately deter 
mine the reliability of the defective sectors. 

According to a tWelfth aspect of the present invention, in 
the eleventh aspect, the re-allocation-processing order deter 
mination part sets a sector having a largest amount of correc 
tion as the ?rst in the re-allocation-processing order. This 
makes it possible to execute the re-allocation processing on a 
sector having the largest defect With ?rst priority. 
According to a thirteenth aspect of the present invention, in 

the ?rst aspect, the read control part performs control to read 
out read data from all speci?ed sectors on the medium, the all 
sectors being speci?ed by the read command; and on the basis 
of the amount of error correction achieved When data has been 
read out from each sector, the re-allocation-processing order 
determination part determines the re-allocation-processing 
order of defective sectors included in all of sectors Whose data 
has been read out. This makes it possible to reliably execute 
the re-allocation processing starting from a defective sector to 
Which a higher priority is given Within a speci?ed range. 

According to the present invention, it is possible to 
improve the security of data Written on a medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram schematically illustrating as a 
Whole a con?guration of a HDD according to an embodiment 
of the invention. 

FIG. 2 is a diagram illustrating data sector read out in 
automatic re-allocation processing according to an embodi 
ment of the invention. 

FIG. 3 illustrates as an example an automatic re-allocation 
table generated in automatic re-allocation processing accord 
ing to an embodiment of the invention. 
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FIG. 4 is a diagram illustrating read processing and auto 
matic re-allocation processing that are performed in a read 
command execution sequence according to an embodiment 
of the invention. 

FIG. 5 is a block diagram schematically and partially illus 
trating a partial con?guration of the HDD according to an 
embodiment of the invention, relating to automatic re-alloca 
tion processing. 

FIG. 6 is a process ?owchart illustrating a read-command 
execution sequence according to an embodiment of the inven 
tion. 

FIG. 7 is a process ?owchart illustrating automatic re 
allocation processing according to an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

First Embodiment 

Speci?c embodiments of the present invention Will be 
described beloW. For clari?cation of the explanation, omis 
sion and simpli?cation are made, Where appropriate, in the 
folloWing description and draWings. Identical reference 
numerals are used to designate identical elements that are 
common to the ?gures, and redundant description is omitted 
as appropriate for clari?cation of the explanation. 

Speci?c embodiments to Which the present invention is 
applied Will be described in detail With reference to draWings. 
The embodiments relate to a defective sector re-allocation 
processing executed in a data storage device. First of all, for 
easier understanding of the present invention, a con?guration 
of a hard disk drive (HDD), Which is an example of data 
storage devices, Will be schematically described as a Whole. 

FIG. 1 is a block diagram schematically illustrating a con 
?guration of a HDD 1 according to an embodiment. As shoWn 
in FIG. 1, the HDD 1 includes in a sealed enclosure 10: a 
magnetic disk 11 that is an example of a medium (recording 
medium); head elements 12; arm electronics (AE) 13; a 
spindle motor (SPM) 14; a voice coil motor (V CM) 15; and an 
actuator 16. 

The HDD 1 further comprises a circuit board 20 secured 
outside the enclosure 10. On the circuit board 20, there are 
provided ICs including: a read/Write channel (R/W channel) 
21; a motor driver unit 22; an integrated circuit 23 including 
a hard disk controller (HDC) and an MPU (hereinafter 
referred to as HDC/MPU); and a RAM 24 Which is an 
example of a memory. Incidentally, the above-mentioned cir 
cuits can be integrated into one IC; or each circuit can be 
implemented by dividing the circuit into a plurality of ICs. 

Write data from an external host 51 is received by the 
HDC/MPU 23, and is sent through the R/W channel 21 and 
the AE 13. Then, the head element 12 Writes the Write data to 
the magnetic disk 11 Which is a nonvolatile recording 
medium. On the other hand, read data stored on the magnetic 
disk 11 is read out by the head element 12. This read data is 
sent through the AE 13 and the R/W channel 21, and is then 
output from the HDC/MPU 23 to the external host 51. 

Next, each component of the HDD 1 Will be described. The 
magnetic disk 11 is secured to the SPM 14. The SPM 14 
rotates the magnetic disk 11 at speci?ed speed. The motor 
driver unit 22 drives the SPM 14 according to control data 
sent from the HDC/MPU 23. The magnetic disk 11 according 
to this embodiment has recording surfaces on both sides. Data 
is Written to each of the recording surfaces. The head elements 
12 are provided Which are associated With the respective 
recording surfaces. 
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6 
Each head element 12 is secured to a slider (not shoWn). 

The slider is secured to the actuator 16. The actuator 16 is 
connected to the VCM 15. The actuator 16 pivotally moves 
about a pivot shaft, Which causes the head element 12 (and the 
slider) to move in the radial direction on the magnetic disk 1 1. 
The motor driver unit 22 drives the VCM 15 according to 
control data sent from the HDC/MPU 23. 
The head element 12 typically includes: a Write head for 

converting an electric signal into a magnetic ?eld according 
to data to be Written to the magnetic disk 11; and a read head 
for converting a magnetic ?eld received from the magnetic 
disk 11 into an electric signal. It is to be noted that the required 
number of the magnetic disks 11 is one or more, and that a 
recording surface can be formed on one side, or both sides, of 
the magnetic disk 11. 
The AE 13 selects from among the plurality of head ele 

ments 12 one head element 12 that is used to access data, and 
ampli?es (preampli?es) at constant gain a read signal read by 
the selected head element 12, and then transmits the ampli?ed 
signal to the R/W channel 21. In addition, the AE 13 sends a 
Write signal received from the R/W channel 21, to the selected 
head element 12. 
The R/W channel 21 performs Write processing on data 

transmitted from the ho st 51. In the Write processing, the R/W 
channel 21 performs code modulation on Write data supplied 
from the HDC/MPU 23, and then converts the code-modu 
lated Write data into a Write signal and supplies the Write 
signal to the AE 13. Moreover, When data is supplied to the 
host 51, read processing is performed. In the read processing, 
the R/W channel 21 ampli?es a read signal supplied from the 
AE 13 so that the amplitude is kept constant, and then extracts 
data from the obtained read signal to perform decode process 
ing. Data that is read out includes user data and servo data. 
The decoded read data is supplied to the HDC/MPU 23. 

In the HDC/MPU 23, the MPU operates according to 
microcodes loaded into the RAM 24. When the HDD 1 is 
started up, as control data, not only microcodes operating on 
the MPU but also data required for control and data process 
ing are loaded into the RAM 24 from the magnetic disk 11 or 
a ROM (not shoWn). The HDC/MPU 23 executes code gen 
eration processing to perform error correction (ECC) on user 
data acquired from the host 51, and then transmits the user 
data to the R/W channel 21. Moreover, the HDC/MPU 23 
executes error correction processing on read data read out 
from the magnetic disk 11, and then transmits the data to the 
host 51. Furthermore, the HDC/MPU 23 executes processing 
required for data processing such as management of com 
mand execution order, positioning control of the head ele 
ments 12, interface control, and defect control, and also 
executes the total control of the HDD 1. 
On receipt of a read command from the host 51, the HDD 

1 according to this embodiment executes processing of auto 
matically replacing defective sectors in a read-command 
execution sequence. To be more speci?c, starting from the 
time When the HDD 1 receives the read command from the 
host 51 to the time When the HDD 1 noti?es the host 51 of the 
completion of the read command, the HDD 1 detects defec 
tive sectors, and then executes the processing of replacing the 
defective sectors. By the completion of transmission of read 
data to the host 51, or by a command completion noti?cation 
that is sent separately from the read data, the host 51 is 
noti?ed of the completion of the command. 

Defective sectors occur on the magnetic disk 11 include: a 
primary defective sector that is detected in a manufacturing 
stage; and a secondary defective sector that is generated after 
shipment. The recording surfaces of the magnetic disk 11 
suffer degradation as a result of reWriting information and 
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With the lapse of time. Accordingly, there is a possibility that 
the reliability of reading/Writing data from/to a user sector 
Will decrease. If it is judged that the reliability of a sector has 
become loWer than or equal to a reference value, a reserved 
sector is used instead of using the sector in question. Data of 
a defective sector is typically Written to a reserved sector 
located in a Zone in Which the defective sector exists. There 
after, When the host 51 accesses the defective sector, the HDD 
1 internally accesses the reserved sector corresponding to the 
defective sector. 

In the read-command execution sequence, a defective sec 
tor Whose reliability is loWer than or equal to the reference 
value is selected from among data sectors that have been read 
out on the magnetic disk 11. Then, processing of replacing the 
defective sector With a reserved sector is performed. This 
makes it possible to disalloW the use of the defective sector 
before the defective sector in question becomes a sector 
Where data recovery cannot be achieved, and thereby to pre 
vent required user data from being lost. 

Here, after receiving the read command from the host 51, 
the HDD 1 is required to notify the host 51 of the command 
completion before a timeout period elapses. If the host 51 
receives no reply from the HDD 1 before the timeout period 
elapses, the host 51 disconnects the HDD 1, and then reads 
data from another HDD. For this reason, before the timeout 
period elapses, it is necessary to transmit read data to the host 
51, and also to complete the defective-sector re-allocation 
processing. 

The re-allocation processing includes: accessing a 
reserved sector; Writing data to the reserved sector; and mak 
ing a check Whether or not the data has been successfully 
Written. Accordingly, a suf?cient length of time is required to 
complete the re-allocation processing. Therefore, it is not 
alWays possible to complete the re-allocation processing for 
all defective sectors Within the timeout period. In this embodi 
ment, after determination of the reliability of each of data 
sectors that have been read out from the magnetic disk 11 in 
response to the read command, the re-allocation processing 
for the data sectors is performed in the order of increasing 
reliability. As a result, Within a limited period of time, it is 
possible to replace by priority a data sector Where there is a 
high possibility that data recovery Will be unable to be 
achieved. This makes it possible to increase the security of 
data and the reliability of the HDD 1. 

It is desirable that the reliability of a data sector be deter 
mined on the basis of the amount of ECC correction data (the 
number of corrected bytes). Data that is Written to data sectors 
on the magnetic disk 11 includes user data transmitted from 
the host 51, and codes used for error correction. The codes 
used for error correction includes an ECC code and a CRCC 
(Cyclic Redundancy Check Code). The CRCC is used to 
check the error correction so as to prevent improper detection 
from occurring. This is because there is a very small prob 
ability that the ECC code Will cause the improper detection. 
The Reed-Solomon code is typically used to generate the 
ECC and the CRCC. 
As described above, the HDC/MPU 23 executes the error 

correction processing on the data read out from the magnetic 
disk 11. At this time, by use of the number of corrected bytes 
using ECC, the reliability of a data sector is determined. To be 
more speci?c, if the number of corrected bytes exceeds a 
reference value, the data sector in question is judged to be a 
defective sector that needs to be replaced. On the other hand, 
if the number of corrected bytes is smaller than or equal to the 
reference value, the data sector in question is judged to be a 
sector that does not need to be replaced. A speci?c value of the 
reference value is properly provided in accordance With the 
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design of each HDD. The HDC/MPU 23 judges that With the 
increase in the number of corrected bytes, the reliability 
decreases. Accordingly, the HDC/MPU 23 executes data re 
allocation processing in the order of the decreasing number of 
corrected bytes. 

Automatic defective-sector re-allocation processing 
according to this embodiment Will be described With refer 
ence to a speci?c example. FIG. 2 is a diagram illustrating 
part of a track on the magnetic disk 11. FIG. 2 illustrates a 
plurality of data sectors, Which are numbered from sector No. 
101 to sector No. 110. In response to a read command 
received from the host 51, the HDD 1 reads out data from all 
of the data sectors 101 through 110. The order in Which data 
is read out folloWs a direction from the data sector 101 to the 
data sector 110. In this example, an address range (LBA: 
Logical Block Address) speci?ed by the read command cor 
responds to the data sectors 101 through 110. Incidentally, 
When a cache hit occurs, data is not read out from the mag 
netic disk 11. Therefore, the data in question is excluded. 
The HDC/MPU 23 successively reads out data from the 

data sectors 101 through 110 on the magnetic disk 11, and 
executes correction processing on the data read out from each 
data sector, and then stores the data in a read buffer included 
in the RAM 24. Moreover, the HDC/MPU 23 stores, in an 
automatic re-allocation table, data relating to the result of the 
correction processing performed on each sector. FIG. 3(a) is 
a diagram illustrating an example of the automatic re-alloca 
tion table. The automatic re-allocation table stores, for each 
data sector, the number of corrected bytes, and the re-alloca 
tion order that has been determined in response to the number 
of corrected bytes. With the increase in the number of cor 
rected bytes, the defective sector in question is replaced ear 
lier (the re-allocation processing is executed earlier). In this 
example, for the sake of simpli?cation, even if the number of 
bytes Whose error is corrected is one, the data sector in ques 
tion is judged to be a target of the re-allocation processing 
(i.e., a defective sector). Incidentally, as described above, 
more typically, if the number of corrected bytes is larger than 
a predetermined reference value, the data sector in question is 
identi?ed as a defective sector. 

In FIG. 3(a), for example, the number of corrected bytes of 
the data sector 101 is four. Accordingly, the execution order is 
set at the third. The number of corrected bytes of the data 
sector 108 is 12. Because the data sector 108 has the largest 
number of corrected bytes among the data sectors 101 
through 1 10 that have been read out, the execution order is set 
at the ?rst. For the data sectors 103, 105, 106, because the 
number of corrected bytes is 0, the data sectors 103, 105, 106 
are judged to be non-defective sectors (normal sectors). 
Accordingly, the re-allocation order is not set. The order in 
Which the re-allocation processing is performed according to 
this table is shoWn in FIG. 3(b). 
The HDC/MPU 23 executes the defect-sector re-allocation 

processing according to the order that has been determined. 
After the HDC/MPU 23 executes the re-allocation processing 
in Which the number of replaced sectors is equivalent to the 
number of sectors that can be replaced Within the timeout 
period, the HDC/MPU 23 starts transmission of data stored in 
the read buffer to the host 51. The timeout period is a period 
of time that can be spent before the host 51 is informed of the 
completion of the command. Therefore, the HDC/MPU 23 
ends the automatic re-allocation processing With the data 
transmission time required to transmit data to the host 51 
being alloWed. 

FIG. 4 is a graph illustrating the relationship betWeen each 
processing step in an execution sequence of a read command 
and time. In FIG. 4, the horizontal axis corresponds to data 
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sectors, Whereas the vertical axis corresponds to time. White 
boxes 10111 through 11011 represent data read processing of 
reading data from each data sector on the magnetic disk 11. 
On the other hand, hatched boxes 101b, 107b, 108b, 11% 
represent defective sector re-allocation processing. FIG. 4 
corresponds to the automatic re-allocation table shoWn in 
FIG. 3(a). 

First of all, the HDC/MPU 23 reads out data from all data 
sectors speci?ed by a read command (101a through 110a). 
Then, the HDC/MPU 23 executes automatic re-allocation 
processing on defective sectors on the basis of the execution 
order stored in the automatic re-allocation table. First of all, 
the HDC/MPU 23 executes the automatic re-allocation pro 
cessing 10819 on the data sector 108. Next, the HDC/MPU 23 
executes the automatic re-allocation processing 11% on the 
data sector 110, and then executes the automatic re-allocation 
processing 10119 on the data sector 101, and lastly executes 
the automatic re-allocation processing 10719 on the data sector 
107. The end time T1 of the automatic re-allocation process 
ing approaches in this timing, and therefore the remaining 
time is not enough to execute the automatic re-allocation 
processing for the next data sector 102. Accordingly, the 
HDC/MPU 23 ends the automatic re-allocation processing. 

After reading out data from all data sectors speci?ed by the 
read command, the HDD 1 determines the reliability of each 
data sector, and then executes the re-allocation processing on 
the data sectors in the order of increasing reliability. As a 
result, it is possible to replace by priority a data sector Where 
there is a high possibility that data recovery Will be unable to 
be achieved. In addition, by using the number of corrected 
bytes as a criterion for determining the reliability of a data 
sector, it is possible to determine the reliability accurately and 
quickly. 

Subsequently, an execution sequence of a read command 
including the automatic re-allocation processing according to 
this embodiment Will be described in detail With reference to 
FIGS. 5 through 7. The HDC/MPU 23 executes the main 
processing of this sequence. The processing Will be described 
in detail beloW. FIG. 5 is a block diagram partially illustrating 
a con?guration of the HDD 1 relating to the automatic re 
allocation processing. In FIG. 5, the R/W channel 21 and the 
AE 13 are omitted. As soon as the HDD 1 is poWered on, the 
host 51 sets a timeout period in the HDD 1 as a mode param 
eter. In initialization processing at the time of poWer-on, 
judging from the timeout period set by the host 51, an MPU 
231 determines the time at Which the automatic re-allocation 
processing should be ended. Additionally, the HDD 1 has in 
advance the re-allocation processing time that is expected to 
be taken When re-allocation processing is executed once (one 
data sector). This time is set at an appropriate value according 
to the design. 

With reference to FIGS. 5 and 6, the host 51 issues a read 
command to the HDD 1 With an address of read data being 
speci?ed. Then, through an HDC 232, the MPU 231 receives 
the read command issued from the host 51 (S11). In response 
to the receipt of the read command, the MPU 231 sets a 
variable T1, Which represents the time at Which the automatic 
re-allocation processing should be ended (S12), and also sets 
a variable T2, Which represents an expected length of time 
required to execute the re-allocation processing once (S13). 
In addition, the MPU 231 initialiZes a variable TIME (S14). 
The variable TIME is set at a speci?ed value. In another case, 
the variable TIME is set at a value that changes in response to 
the number of data sectors speci?ed by the read command. 
The MPU 231 functions as a read control part, and instructs 
the HDC 232 to read data from data sectors corresponding to 
the read command. According to the instruction from the 
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MPU 231, the HDC 232 reads out data from all speci?ed data 
sectors on the magnetic disk 11 (S15). 

In the read processing (S15), the HDC 232 uses ECC to 
execute error-correction processing on data read out from 
each data sector, and then stores the data in a read buffer 241 
included in the RAM 24. To be more speci?c, the HDC 232 
judges Whether or not an error is included in the data that has 
been read out. If it is judged that an error is included, the HDC 
232 calculates error data including error positions and an 
error pattern, and then checks by use of CRCC Whether or not 
the calculated error data is totally correct. Moreover, the HDC 
232 outputs the number of corrected bytes of each data sector 
to the MPU 231. 

With reference to the number of corrected bytes acquired 
from the HDC 232, the MPU 231 creates an automatic re 
allocation table 242 (refer to FIG. 3(a)), that is, registers data 
in the automatic re-allocation table 242 (S16). Incidentally, 
for the purpose of high-speed processing, it is desirable to use 
hardWare included in the HDC 232 to perform the error 
correction processing. HoWever, it is also possible to perform 
the error-correction processing using microcodes that are 
executed on the MPU 231. 
The MPU 231 functions as a re-allocation-processing 

order determination part for determining the re-allocation 
order. The MPU 23 1 judges Whether or not there is a defective 
sector that is a target to be replaced (S17). If it is judged that 
there is no defective sector, the MPU 231 starts data trans 
mission to the host 51 Without executing the automatic re 
allocation processing (S18). If it is judged that there is a 
defective sector, the MPU 231 adds the expected length of 
time T2 required for re-allocation processing to the variable 
TIME (TIME+T2), and then compares the result of the addi 
tion With the end time T1 of the automatic re-allocation pro 
cessing (S19). (TIME+T2) represents the elapsed time at the 
point of time When the re-allocation processing on the next 
data sector is completed. If (TIME+T2) is longer than or 
equal to T1, the MPU 231 starts data transmission to the host 
51 (S18). 

If (TIME+T2) is shorter than T1, the MPU 231 starts the 
automatic re-allocation processing (S20). The MPU 231 
functions as a re-allocation-processing control part. With ref 
erence to FIGS. 5 and 7, in the automatic re-allocation pro 
cessing, ?rst of all, the MPU 231 sets a variable CNT at the 
number of data sectors that have been judged to be defective 
sectors, Which are targets of the automatic re-allocation pro 
cessing, and also sets a variable LOOP at 0 (S201). The 
variable LOOP is equivalent to the number of data sectors on 
Which the re-allocation processing has been executed. Next, 
the variable LOOP is compared With the variable CNT 
(S202). Because a value of the variable LOOP is small before 
the execution of the ?rst re-allocation processing (N in S202), 
the MPU 231 executes the re-allocation processing for a data 
sector Whose number of corrected bytes is the largest (S203). 

In the re-allocation processing (S203), data of a defective 
sector stored in the read buffer 241 is Written to a reserved 
sector on the magnetic disk 11. Reserved sectors are managed 
by use of a defect map 243 stored in the RAM 24. On comple 
tion of the re-allocation processing for each data sector, the 
MPU 231 updates the defect map 243 to keep latest informa 
tion thereof. The information registered in the defect map 243 
includes: data for identifying a defective sector; and data for 
identifying a reserved sector corresponding to the defective 
sector. 

For example, an address (LBA) of the defective sector, and 
an address of the reserved sector (CHS: Cylinder number, 
Head number, Sector number), are registered. When the 
HDC/MPU 23 receives from the host 51 an access request for 
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an appropriate LBA, the HDC/MPU 23 refers to the defect 
map 243 to access a reserved sector corresponding to the 
LBA. Incidentally, the above processing using the defect map 
is a broadly knoWn technique, and accordingly the detailed 
description thereof Will be omitted in this speci?cation. 
On completion of the re-allocation processing on the data 

sector Whose number of corrected bytes is the largest, the 
MPU 231 adds T2 to a current value of the TIME variable, and 
then compares the TIME variable plus T2 With T1 (S204). 
Here, (TIME+T2) represents the elapsed time at the point of 
time When the re-allocation processing on the next data sector 
is completed. If (TIME+T2) is smaller than T1, the MPU 231 
ends the automatic re-allocation processing, and then starts 
transmission of user data stored in the read buffer 241 to the 
host 51 (S18). To be more speci?c, the MPU 231 instructs the 
HDC 232 to start the transmission of the data, and then the 
HDC 232 transmits the user data from the read buffer to the 
ho st 51. On completion of the data transmission to the ho st 51, 
if necessary, the MPU 231 transmits a command completion 
noti?cation separately from the transmitted user data. 

If (TIME+T2) is larger than or equal to T1 (TIME+ 
TZZTI), the MPU 231 adds one to the current value of the 
variable LOOP (S205), and then returns to S202 Where the 
variable LOOP is compared With the variable CNT. If an 
unreplaced defective sector does not exist, a value of the 
variable LOOP becomes larger than or equal to that of the 
variable CNT (LOOPZCNT). As a result, the MPU 231 ends 
the automatic re-allocation processing. On the other hand, if 
an unreplaced defective sector exists, a value of the variable 
LOOP becomes smaller than that of the variable CNT 
(LOOP<CNT). The MPU 231 starts the re-allocation pro 
cessing on a data sector Whose number of corrected bytes is 
the largest among unreplaced defective sectors (S203). 
Thereafter, the MPU 231 repeats each of the above-men 
tioned steps, With the result that the execution sequence of the 
read command is completed. 

Another Embodiment 

Some variations of the above-mentioned embodiment Will 
be described beloW. In the embodiment described above, 
defective sectors to be replaced and the re-allocation order 
thereof are determined on the basis of the number of corrected 
bytes. Besides the above method, it is possible to determine 
the reliability of a data sector on the basis of retry processing 
in error recovery procedures. If a failure occurs in Which data 
cannot be read out from the magnetic disk 11 in a usual read 
mode, the HDD 1 starts the recovery procedures. The HDD 1 
repeatedly tries to read data (retry step) by changing read 
parameters. Example of changing read parameters include: 
changing the read timing; ?ne adjusting a radial position of 
the head element 12; changing a sense current of a MR head 
in the head element 12; changing a VGA (Variable Gain 
Ampli?er) gain value in the R/W channel 21; and changing a 
digital ?lter parameter value. 

The HDD 1 reads out data from data sectors corresponding 
to a read command received from the host 51 (S15 in FIG. 6). 
At this time, if the HDD 1 cannot correctly read out data from 
a data sector in a ?rst reading step, the MPU 231 starts the 
recovery procedures. The MPU 231 instructs each part in the 
HDD 1 to change values of the read parameters, and thereby 
executes a retry step using the read parameters With different 
values. If the data could be correctly read out as a result of 
changing the values of the read parameters, the MPU 231 
registers, in the automatic re-allocation table 242, a kind of 
the retry step, and the number of times the retry step has been 
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12 
executed to correctly read out the data (the depth of retry). For 
each data sector that has been read out, the MPU 231 registers 
the above data. 

For example, if the number of times the retry step has been 
executed to read data is larger than or equal to a reference 
value, the MPU 231 judges that the reliability of the sector is 
loW, and accordingly identi?es the sector in question as a 
defective sector. In addition, the MPU 231 determines the 
re-allocation order in the automatic re-allocation processing 
on the basis of the number of times the retry step has been 
executed. For example, the automatic re-allocation process 
ing is executed in the order of the decreasing number of times 
the retry step has been executed. When a defective sector is 
identi?ed and the re-allocation order is determined, it is desir 
able to refer to the kind and contents of the retry step in Which 
data has been successfully read out. For example, if data 
could be read out as a result of changing a radius position of 
the head element 12, the data sector in question is identi?ed as 
a non-defective sector. Moreover, it is also possible to use in 
combination the retry steps, and the number of bytes Whose 
error has been corrected by use of ECC. 

In the above example, the HDD 1 reads out, from the 
magnetic disk 11, only data existing Within an address range 
speci?ed by the host 51. The folloWing is knoWn in the art. 
That is to say, depending on a kind of the HDD, in addition to 
data existing Within a range speci?ed by the read command, 
data Written at an address before the speci?ed range is read 
out (read back), or data Written at an address after the speci 
?ed range is read out (read forWard). Because the host 51 
often requests the HDD to read these data in succession, 
reading out beforehand the data from the magnetic disk 11 
makes it possible to increase a cache hit ratio, and thereby to 
improve the performance. 
The HDD 1 can also include, in the above automatic re 

allocation processing, data sectors read out as a result of the 
read forWard and the read back. In other Words, the MPU 231 
compares the number of corrected bytes of all data sectors 
corresponding to the read command, all the data sectors 
including the data sectors read out as a result of the read 
forWard and the read back. Then, the MPU 231 successively 
executes the re-allocation processing on the data sectors in the 
order of the decreasing number of corrected bytes. In another 
case, the HDD 1 can also execute the automatic re-allocation 
processing on only data sectors existing Within the range 
speci?ed by the read command, While not executing it on the 
data sectors read out as a result of the read forWard and the 
read back. 

Moreover, in the above example, the HDD 1 determines the 
re-allocation order of each data sector after reading out data 
from all data sectors speci?ed by the host 51. In order to 
execute by priority the re-allocation processing on a data 
sector Where there is a high possibility that data recovery Will 
not be able to be achieved, it is desirable to determine the 
re-allocation order after reading out all data corresponding to 
the read command. HoWever, the HDD 1 can determine the 
re-allocation order in a stage in Which data is read out from 
part of a plurality of data sectors corresponding to the read 
command. 

For example, in the timing in Which data is read out from 
data sectors Whose range corresponds to one track, the MPU 
231 judges Whether or not each of the data sectors is a defec 
tive sector, and then determines the re-allocation order of the 
defective sectors. Moreover, the MPU 231 executes the 
defect-sector re-allocation processing according to the order 
that has been determined. On completion of the automatic 
re-allocation processing, the HDD 1 transmits to the host 51 
user data stored in the read buffer 241. Subsequently, the 
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HDD 1 newly reads out data from data sectors Whose range 
corresponds to another track, and then repeatedly performs 
the above processing in a similar manner. 

Thus, every time data is read out from part of a plurality of 
data sectors corresponding to a read command, the re-alloca 
tion order of defective sectors is determined, and the re 
allocation processing on the defective sectors is executed. 
This method is effective in a case Where, for example, the 
capacity of a read buffer is not suf?cient for user data to be 
read out from the magnetic disk 11. By executing the re 
allocation processing before data of a defective sector stored 
in the read buffer 241 is overwritten and erased by data that is 
neWly read out from the magnetic disk, it is possible to omit 
processing of neWly reading out data for the re-allocation 
processing, and to avoid the possibility of being unable to 
neWly read out data from the defective sector. 

From another point of vieW, if the capacity of the read 
buffer is small, storing data of a defective sector in another 
area included in the RAM 24 is one of the other preferable 
methods. More speci?cally, the MPU 231 reads out data from 20 
data sectors Whose range corresponds to, e. g., one track. 
Then, on the basis of the number of corrected bytes, the MPU 
231 makes a judgment as to Whether or not each of the data 
sectors is a defective sector. The MPU 231 also stores user 
data of a data sector that has been judged to be a defective 
sector, in an area that differs from the read buffer 241. More 
over, the MPU 231 registers the number of corrected bytes of 
each data sector in the automatic re-allocation table. 

In this timing, Without executing the re-allocation process 
ing on the defective sectors, the MPU 231 transmits to the 
host 51 user data stored in the read buffer 241. Subsequently, 
on the magnetic disk 11, the MPU 231 neWly reads out user 
data from data sectors Whose range corresponds to one track, 
and repeatedly performs the above processing in a similar 
manner. After reading out all data from the magnetic disk 11, 
the MPU 231 determines the order in Which the re-allocation 
processing is executed for all defective sectors. Moreover, the 
MPU 231 uses user data stored in the RAM 24 to execute the 
re-allocation processing on each defective sector according to 
the determined order. As a result, if the capacity of the read 
buffer is small, it is possible to execute the re-allocation 
processing starting from a data sector Whose reliability is the 
loWest among the data sectors that have been read out. This 
makes it possible to increase the security of data. 

In the above example, after the automatic re-allocation 
processing ends, the HDD 1 transmits to the host 51 the user 
data that has been read out (S18 in FIG. 6). Instead of the 
above, the data transmission to the host 51 can be performed 
in parallel With the automatic re-allocation processing, or in 
parallel With read processing of reading from the magnetic 
disk 11. This makes it possible to use the data transmission 
time, Which is required to transmit data to the host 51, for the 
automatic re-allocation processing. In this case, in order to 
have the time required to execute the automatic re-allocation 
processing, transmission of a command completion noti?ca 
tion is delayed after the data transmission to the host 51 is 
completed so as to prevent the host 51 from issuing a neW 
command. In another case, if the completion of data trans 
mission is equivalent to a command completion noti?cation, 
the last data transmission is delayed. 

In the above example, the MPU 231 determines the end 
timing of the automatic re-allocation processing by use of the 
expected length of time for re-allocation processing T2 as a 
speci?ed value, and the number of times the re-allocation 
processing is performed (the number of replaced sectors). 
The MPU 231 can also determine the end timing of the 
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automatic re-allocation processing by use of the time that has 
been actually measured using the timer. 

Incidentally, the above describes hoW the present invention 
is applicable, and is not intended to limit the scope of the 
present invention to the embodiments cited above. Those 
skilled in the art Will be able to easily make modi?cations, 
additions and alterations to each element of the above 
embodiments Within the scope of the preset invention. For 
example, the automatic re-allocation processing according to 
the above embodiments can be applied to data storage devices 
that use media other than magnetic disks. 

It is to be understood that the above description is intended 
to be illustrative and not restrictive. Many embodiments Will 
be apparent to those of skill in the art upon revieWing the 
above description. The scope of the invention should, there 
fore, be determined not With reference to the above descrip 
tion, but instead should be determined With reference to the 
appended claims along With their full scope of equivalents. 

What is claimed is: 
1. A data storage device comprising: 
a read control part Which performs control to receive a read 
command, and read out data from a plurality of sectors 
on a medium corresponding to the read command; 

a re-allocation-processing order determination part Which 
determines an order in Which re-allocation processing is 
executed for defective sectors included in the plurality of 
sectors Whose data has been read out; and 

a re-allocation-processing control part Which controls the 
re-allocation processing for the defective sectors on the 
basis of the re-allocation-processing order determined 
by the re-allocation-processing order determination 
Part, 

Wherein: 
said re-allocation-processing order determination part 

determines the re-allocation-processing order on the 
basis of an amount of error correction achieved When 
data has been read out from each sector. 

2. A data storage device according to claim 1, Wherein: 
said re-allocation-processing order determination part 

determines the re-allocation-processing order so that the 
re-allocation processing is executed in the order of the 
decreasing amount of error correction achieved When 
data has been read out from each sector. 

3. A data storage device according to claim 1, Wherein: 
said read control part reads out read data from all speci?ed 

sectors on the medium, said all sectors being speci?ed 
by the read command; and 

said re-allocation-processing order determination part 
determines the order in Which the re-allocation process 
ing is executed on defective sectors included in said all 
sectors. 

4. A data storage device according to claim 1, Wherein: 
said read control part reads out read data from all corre 

sponding sectors on the medium, said all sectors corre 
sponding to the read command; and 

said re-allocation-processing order determination part 
determines the order in Which the re-allocation process 
ing is executed on defective sectors included in said all 
sectors. 

5. A data storage device according to claim 4, Wherein: 
data that should be read out from said all sectors on the 
medium corresponding to the read command includes 
data at positions before and/ or after the sectors speci?ed 
by the read command. 

6. A data storage device according to claim 1, Wherein said 
re-allocation-processing order determination part determines 
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the re-allocation-processing order in a stage in Which data is 
read out from part of a plurality of data sectors corresponding 
to the read command. 

7. A data storage device according to claim 6, Wherein said 
re-allocation-processing order determination part repeatedly 
determines the re-allocation-processing order until all data 
corresponding to the read command is read out so as to 
determine the order for all defective sectors. 

8. A data storage device according to claim 1, Wherein: 
the re-allocation-processing order is such that the re-allo 

cation processing is performed starting from a sector 
Whose reliability is loW. 

9. A data storage device according to claim 1, further 
comprising: 

a correction processing part Which performs error-correc 
tion processing on data read out from the medium; 

Wherein said re-allocation-processing order determination 
part determines the re-allocation-processing order of 
defective sectors by use of the amount of correction 
made for each sector Whose data has been read out. 

10. A method of sector re-allocation processing according 
to claim 9, Wherein: 

said re-allocation-processing order determination part sets 
a sector having a largest amount of correction as the ?rst 
in the re-allocation-processing order. 

11. A data storage device according to claim 1, 
Wherein: 
said read control part performs control to read out read data 

that is speci?ed by said read command to be read out 
from all speci?ed sectors on the medium; and 

on the basis of an amount of error correction achieved 
When data has been read out from each sector, said 
re-allocation-processing order determination part deter 
mines the re-allocation-processing order of defective 
sectors included in all of sectors Whose data has been 
read out. 

12. A data storage device according to claim 1, 
Wherein said re-allocation-processing order determination 

determines the re-allocation-processing order on the 
basis of both an amount of error correction achieved 
When data has been read out from each sector and retry 
processing performed When data has been read out from 
each sector. 

13. A data storage device comprising: 
a read control part Which performs control to receive a read 
command, and read out data from a plurality of sectors 
on a medium corresponding to the read command; 

a re-allocation-processing order determination part Which 
determines an order in Which re-allocation processing is 
executed for defective sectors included in the plurality of 
sectors Whose data has been read out; and 
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a re-allocation-processing control part Which controls the 

re-allocation processing for the defective sectors on the 
basis of the re-allocation-processing order determined 
by the re-allocation-processing order determination 
Part, 

Wherein: 
the end timing of the re-allocation processing for a plural 

ity of defective sectors is determined so that a command 
completion noti?cation of the read command is trans 
mitted before a timeout period of the read command 
elapses. 

14. A data storage device according to claim 13, Wherein: 
said end timing is determined by use of a predetermined 

value and the number of times the re-allocation process 
ing for the defective sectors is executed. 

15. A data storage device comprising: 
a read control part Which performs control to receive a read 
command, and read out data from a plurality of sectors 
on a medium corresponding to the read command; 

a re-allocation-processing order determination part Which 
determines an order in Which re-allocation processing is 
executed for defective sectors included in the plurality of 
sectors Whose data has been read out; and 

a re-allocation-processing control part Which controls the 
re-allocation processing for the defective sectors on the 
basis of the re-allocation-processing order determined 
by the re-allocation-processing order determination 
Part, 

Wherein: 
said re-allocation-processing order determination part 

determines the re-allocation-processing order on the 
basis of retry processing performed When data has been 
read out from each sector. 

16. A data storage device according to claim 15, Wherein 
said retry processing is performed by changing one or more 
read parameters. 

17. A data storage device according to claim 16, Wherein 
said one or more read parameters include read timing, redial 
position of a head element, sense current of a magnetoresis 
tive head in the head element, variable gain ampli?er gain 
value in a read/Write channel, and digital ?lter parameter 
value. 

18. A data storage device according to claim 15, Wherein a 
sector is defective if the number of times the retry processing 
is performed to correctly read out the data exceeds a reference 
value. 

19. A data storage device according to claim 15, Wherein 
said re-allocation-proces sing order determination determines 
the re-allocation-processing order on the basis of the number 
of times the retry processing is performed to correctly read 
out the data. 
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